This paper presents findings of an experiment for the comparison of sugar concentration in extracted juice of fresh fruit to that of commercially-bottled 100% fruit juice with a "no sugar added" attribute. The goal of the study was to determine if the sugar content of bottled 100% fruit juice with a "no sugar added" label is equivalent to that of extracted juices of fresh fruits. The reported study was performed to address the potential concern that commercially-bottled 100% fruit juices with "no sugar added" may contain higher sugar content than extracted juice of fresh fruit. The fruit juices that were tested included apple, grapefruit, orange, pineapple, pomegranate, red grape and white grape. All bottled juices and fresh fruits were purchased in Toledo, Ohio, USA during the winter of 2012. The fresh fruits were juiced and three samples were tested for sugar concentration using a Brix refractometer. The same testing protocol was also applied to the bottled 100% fruit juice. Application of the Mann-Whitney test on the experimental data demonstrated no statistically significant difference (p > 0.05). The results suggested that the sugar content in the commercially bottled 100% fruit juice with the "no sugar added" label is an accurate representation of sugar content in the freshly-extracted juice of the corresponding fruit.
Introduction
Fruits contain many beneficial qualities to one's health; they provide an abundance of vitamins, minerals, antioxidants and fibers, which are all essential for the human diet [1] . Many people consume fruit juices on a daily basis. Fruit juices are a convenient way for people to receive the benefits of various fruits. However, they may also have high sugar content. Although the sugar is natural, it may not be healthy in high quantities. It was suggested that too much sugar could pose harmful health effects, as people could develop diabetes, obesity, heart disease, and other complications from excess consumption [2] . Recently, companies have been marketing fruit juices with the "no sugar added" feature, in part, to address the concern of exceeding the daily-recommended intake for sugar.
The comparison of the sugar content in freshly-extracted fruit juice with the sugar content in bottled 100% fruit juice claiming to have "no sugar added" is of interest for a number of reasons. It is important to know if the juices with the "no sugar added" claim truly represent the sugar content of juice extracted from the corresponding fresh fruit. If the sugar content in bottled fruit juice with the "no additional sugar" label is higher than that of freshly-extracted fruit juice, people may want to reconsider the amount of commercially-bottled fruit juice they consume.
Fructose is one of the most abundant sugars in fruit juice. Some people believe fructose is healthier than sucrose because it is found naturally in fruit, however it can be equally harmful [3] . Fructose, also known as fruit sugar, is a simple monosaccharide absorbed directly into the bloodstream during digestion. Fruits, vegetables, and honey are all natural sources of fructose. Three common forms of fructose are crystalline fructose, high-fructose corn syrup, and sucrose. Crystalline fructose is derived from corn, and has the highest concentration of fructose. High-fructose corn syrup is a combination of fructose and glucose. Sucrose is a compound of one molecule of glucose and one molecule of fructose [4] , and is commonly referred to as table sugar [5] . Excessive amounts of fructose consumption has been tied to negative health effects [6] . The study reported in [6] reached a number of conclusions as follows. Fructose is likely a primary cause of symptoms in certain patients with functional bowel disturbances. The ever-increasing occurrence of obesity, diabetes mellitus, and non-alcoholic fatty liver disease could be the result of excessive fructose intake as well.
Finally, fructose may promote the formation of toxic advanced glycation-end products, which may contribute to diabetes, the aging process, and the thickening of artery walls [6] .
Sugar content varies depending on the type of fruit. All fruit juices contain fructose, but vary in their amount of sucrose, glucose, and sorbitol [7] . Fruits that are relatively low in sugar include lemon, lime, rhubarb, raspberry, blackberry, and cranberry. Fruits that have low to medium sugar content include strawberry, casaba melon, papaya, watermelon, peach, nectarine, blueberry, cantaloupe, honeydew melon, and apple. Fruits that are fairly high in sugar content include plum, orange, kiwi, pear, and pineapple. Fruits that are considered very high in sugar content include tangerine, cherry, grape, pomegranate, mango, fig and banana. The fruits with very high sugar content will have correspondingly high sugar content when their juice is extracted. In general, the level of sugar in the juice of a fruit is correlated to the level of sugar in the fruit itself. This indicates that grape and pomegranate juice are very high in sugar content. It is also relevant to note that not all fruits are made into juices. Some of the fruits made into commercial bottled juices include lemon, lime, cranberry, watermelon, apple, grape, pomegranate, cherry, and orange [8] .
A number of studies evaluated the health-related impact of fruit juice in different forms such as bottled, pasteurized, freshly-extracted etc. [9] [10] [11] [12] [13] [14] . In one such study, it was suggested that daily fruit requirements could be met by consuming 100% fruit juice [9] , although other studies in the past have evaluated 100% fruit juice as a sweetened beverage with unhealthy consequences with regard to weight. The study reported in [9] also evaluated the contribution of 100% fruit juice to diet quality. Participants in the study ranged in age from two to nineteen plus years old. A survey was conducted to analyze their usual intake of 100% fruit juice. The participants were split into four age groups as follows: two to five, six to twelve, thirteen to eighteen, and nineteen plus years old. The percentages of the participants that consumed 100% fruit juice ranged from 45 to 71. The consumption of fruit juice was associated with higher energy intake in all groups except for the two-to-five-year-old group. The usual fruit juice intake exceeded guidelines for the two-to-five-year-old age group, but was associated with better overall diet quality in all groups. The conclusion was that 100% fruit juice should be a healthy part of one's diet, but only in moderation [9] .
Another study reported the concentration of fructose, glucose, sucrose, pH and acid levels in fruit juices, fruit drinks, carbonated beverages and sport drinks to facilitate an assessment of impact on dental health [10] . The fruit juices, fruit drinks and carbonated beverages contained an average combined sugar amount of 9.3% -9.8%, and sports drinks contained 4.4%. Fruit juices had the highest amount of acid, approximately 2 to 3 times higher than the others. The study concluded that fruit juices, fruit drinks, and carbonated beverages have the same carcinogenicity, which refers to the contribution to tooth decay development [10] , when testing the total amount of sugar and acidity.
Insulin is a hormone produced by the pancreas to regulate glucose. Insulin must be regulated, but not suppressed. Insulin causes sugars to enter cells, which then provides the brain with a satisfactory feeling [11] . One study reports that with oranges there was a smaller insulin response to the fruit than the juice [12] . In grapes, the insulin response to the fruit was greater than the juice. The study concluded that grapes appeared to be more insulinogenic than oranges, meaning they stimulate the production of insulin to a larger degree. This indicates that orange juice leads to greater insulin production than an actual orange fruit, while grapes appear to induce more insulin production than grape juice [12] .
Contribution of 100% fruit juices to the epidemic of obesity was analyzed in a study reported in [13] . When fruits are juiced, the nutritional portion, the fiber, is discarded. Researchers claim that calories and sugar obtained from liquid extracted from fresh fruit do not provide feelings of fullness, which in turn may cause people to consume excessive amounts. The study reported in the same article suggests that while some studies show an improved diet quality with the consumption of 100% fruit juice, other studies demonstrate correlations between increased juice consumption and increased risk of obesity and diabetes [13] . Along similar lines, a different study analyzed the correlation between excess 100% fruit juice consumption in children and short stature or obesity. A cross-sectional study was used on a population-based sample of healthy children. 116 two-year-old children and 107 seven-year-old children were recruited for two years along with their primary caregivers and parents. Mean dietary intake, height and weight were calculated and analyzed for 168 of these children. Results were interpreted to suggest that consumption of greater than twelve ounces of fruit juice per day in younger children may be associated with short stature and obesity [14] .
Excessive sugar consumption is an ongoing concern. It is therefore important to validate the claim of "no sugar added" appearing on 100% fruit juice bottles. Accordingly, an experiment was proposed to determine and to compare the level of sugar content in freshly-extracted fruit juices to purchased 100% fruit juices with a "no sugar added" label as available to consumers in the USA.
Materials and Methods
The experimental methodology entailed direct measurement of sugar concentration in units of Brix using a re-fractometer [15, 16] . The refractometer is made of a rugged exterior of plastic and metal to protect the optical lenses, prisms and mirrors inside. Towards one end, there is a slide with a lid to place the liquid and on the opposite end is the viewing hole, which resembles a monocular eyepiece as seen in Figure 1 . The theory of operation for refractometry is presented in [17] . The refractometer used for the experiments reported in this study measures the percent Brix, or relative sugar concentration, of a liquid sample. Depending on the amount of sugar in the sample, the refractometer, which works similarly to a prism, will give a reading on the index. The sugar level is determined by reading the value where two colors on the index, blue and white, meet [16] . grape, and white grape. The juicer was cleansed in between each juicing using soap and water. The sugar content for each fruit juice was tested using the refractometer using three samples from the same bottle of purchased juice or extracted juice of fresh fruit, and was recorded. The sugar contents of the extracted juices were compared to those of the bottled juices claiming to have "no sugar added". Experimentally measured data were analyzed using the Mann-Whitney test for statistically significant differences.
Discussion
Typical sugar content concentrations in Brix are shown for a number of common fruits in Table 1 to serve as a point of reference for the subsequent discussion in this section [15] . Measurement values of the experiment are presented in Figure 2 . In the apple, red grape, and pineapple juices, the sugar concentration was higher for the fresh fruit juice. For the orange, grapefruit, white grape, and pomegranate juices, the sugar concentrations were higher in the commercially-bottled 100% fruit juices. The findings indicate that the values for the sugar concentration of natural and bottled fruit juices with a "no sugar added" attribute were within close proximity of each other, ranging in difference only a few degrees Brix.
Bottled juices and fresh fruits were purchased at various local grocery stores in Toledo, Ohio, USA at different times during the winter of 2012. The fresh fruits incuded apple, grapefruit, orange, pineapple, pomegranate, red grape, and white grape. A fruit juicer was used to extract the juice of the fresh fruits. The following 100% fruit juices designated as "no sugar added" were purchased: apple, grapefruit, orange, pineapple, pomegranate, red 
Figure 2. Average Brix concentrations for each fruit juice
A Mann-Whitney statistical test [18] based on a comparison of medians indicated there was not a significant difference in the sugar contents of freshly-extracted and purchased 100% bottled fruit juice in all tested flavors as presented in Table 2 . This suggests that the sugar concentration of purchased 100% fruit juices with "no sugar added" appears to represent the true sugar content of the corresponding fresh fruit, in its liquid form.
Although the sugar content comparison failed to yield any differences between bottled and freshly-extracted fruit juices, it is relevant to note other beneficial ingredients or nutrients that are found in freshly-extracted fruit juice. The comparison between freshly-extracted and commercial fruit juices has been reported in prior studies [19, 20] . One such study analyzed juices hand-extracted from pineapple, Hamlin and Valencia oranges in comparison to various brands of processed orange juice [19] . Several volatile components were evaluated including alcohols, aldehydes, esters, and hydrocarbons. Results demonstrated that fresh squeezed unpasteurized juice had the highest level of volatile components. Pasteurization of single strength juice not made from concentrate caused no significant changes in volatile flavor composition in comparison to fresh orange juices. Significant changes in volatile compounds occurred in juices reconstituted from concentrates. Canned juices and 10% orange juice were also compared to the 100% orange juice products and were found to have a significantly lower flavor quality in comparison to fresh orange juice [19] . Another study compared the nutrient content of fresh and commercial fruit juices, specifically looking at types and amounts of carbohydrates and electrolytes along with pH and osmolarity [20] . Forty types of fresh fruits were analyzed and compared to data obtained earlier regarding commercial fruit juices. Results demonstrated differences in nutrient content among fresh and commercial fruit juices obtained from the same fruit. Sucrose was more frequent in commercial fruit juices, and rare in fresh juices. Fresh fruit juices had a more neutral pH level than commercial fruit juices, demonstrating a higher acidic content in commercial fruit juices. Commercial juices derived from apple, guava, orange, pear, and pineapple had a higher solute concentration than corresponding fresh juices. All tested fresh juices demonstrated lower sodium levels than commercial versions. A majority of the fresh fruit juices contained higher levels of nutrients such as: potassium, phosphorus and magnesium than the commercial juices [20] . Therefore, when there is choice available, it is reasonable to suggest that a consumer is likely better off with respect to a balanced diet if (s)he consumes fresh squeezed fruit juice.
Conclusions
This paper presents an experimental study on the comparison of sugar content between 100% fruit juices that are sold in bottles in the marketplace in the USA and those that are freshly extracted from fruit. Statistical analysis of the experiment results indicated that there was no significant difference in the sugar concentrations between the two in all tested varieties. This is a finding that favors consumers who are particularly concerned with sugar consumption. However, it is important to recognize the limitations of this study. The validity of the results could have been affected by the country of origin, surrounding climate, or brand of fresh fruits, among other possible factors.
